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Scenario Specification/Input Module 


I 


(2) 


Latin Hypercube Sampling Module 




(3) 


Particle Deposition Module 




(4) 


Clearance/Retention Module 



(5) 


Alpha-Particle Radiation Dose Matrix Module 

fSTDOSE + UNSUBi 


► 


(6) 


MCNP runs to Determine Absorbed Fractions 
(Beta Particles] 




Absorbed Fraction Matrixes (Beta Particles) 


► 


(7) 


MCNP runs to Determine Specific Absorbed 
Fractions (ThotonsV 




Specific Absorbed Fraction Matrixes (Photons) 





(8) 



Dose Computation Module 



Jut 



(9) Scenario Specification/Output Module 
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p^LtiDUC: Lung Dose Uhcc 






File Edit Input Data 








0 



^Fimtfinn Pfhi 



Save Project FHe (and Components) 



Piint inpui/Ouipu* Files 



Edit/View Input Data for Uncertainty Analysis 



Run Main Program 



View Results of Paramater Uncertainty Analysis 



Exit LUDUC 



Project Rte: 
C:\GA\LUDUC.PRJ 



E xposur e/S cenai io 0 ata 
luduc.inp 



Model Input Parameter*: 
_ parros. inp ; ^ _ 



Deposition Calculations: 
Depx.out 



Clearance Calculations: 

C1fX.OUt 7 



Dose Calculations (Alpha-Particles J: 
Ddsx A.but 



Dose Calculations (Beta-Paiticles J: I 
:i fM"Oi»x B.out 



Dose Calculations (Gamma-Rays]: 
Dbsx G-but r 



Total Dose Calculations: 
Dosx-f but 



FIG. 2 



Open Project Files 



Look ire |6jQA 




■ " , 



I i mm i 



23 INITIALIZE 
13 PART 6 ELECTRONS 

33PART 6 GAMMAS 
121PART2 

23PART3 

l^jPART4 

23 PARTS PLUTONIUM 
S3 PARTS URANIUM 

NEW - URANIUM 



S)PART6-0LD 
HPART6 - OLD - PLUTONIUM 
E)PART7-LIN5U8 



Filename: EjDUC 




FIG. 3 



■ LUDUC: Edit / View Input Parameter DistribuUSrS|^^| 




■Exposure Scenario and Computational Method Setup 
Select Population Class 



-Specify Aerosol Characteristics 



j Specify Exposure Conditions 



Tissue We ighting Factors 



Specify Run Parameters 



Males : 25-34 years : Heavy Exertion: 
30* Noimal Auomenters 



1 B<i/m~3 :f or (I hpujtsj j Bqhr/n>~3 
4 Nuclide(s) Present . > 

Pii:240(302) Am 241[40£] 



Latin Hypercube Sampling; 1 000 realizations; 
Truncation Level «= 95% (1.96 sigma); : V; 
Random number seed value 25829 -,t : h >.; 




espiratory Tract Model Parameter Setup 



r 0 epos it ion M odel Parameters! 



Clearance Model Parameters i HiD we Model Parameters J 



0 utput Quantity S election 

0 Compute Integrated Doses ; V 
O Compute Dose Rates 

Code will compute total disintegrations tri; 
regions. :i 



Time (days after exposure) at 
which to compute doses (or 
rates): 



18250 



RETURN 



FIG. 4 



Population Class Selection 



mmm i * - 



r Population Class Selection - 



Gender: 
[Females 



Age: 



16 years 1|| 
18 years m 
18-2 4 years | j 



25-34 years 



Exehion Level: 



Resting 
Sitting 



Liaht Exertion 



[Heavy Exertioii 



Fraction of Population Comprising 
Noroial Augmenters (Nose Breathers): 



0.9 



^Use default value (varies with age): 



FIG. 5 



Aerosol Characteristics 



mmmmmmmmm 



Aerosol Activity Size Distribution 

0 Lognormal Distribution (Unimoda!) 
O Uniform Distribution 
O User-supplied Histogram 



Activity Median Aerodynamic Diameter (microns): 5 
Geometric Standard Deviation for Diameter 1 



-Other Aerosol Properties - 
Aerosol Shape Factor: 
Aerosol Density (g/cm*3): 



FIG. 6 



Atmospheric Activity Concentration (Bq/m~3): 

Duration of (Acute) Exposure (hours): £ 

Ambient Atmospheric Temperature (Celsius): £ 

Ambient Atmospheric Pressure (atm): £ 



These radionuclides have been chosen: - 

Pu-238 (10*) 
Pu-239 (20*) 
Pu 240 (30%) 
Am-241 (40%) 



p Select sources present horn the periodic table: 
PERIODIC IABLE 



3 



25 



RETURN 



FIG. 7 
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LI D O 12 



On 

a 



Run Parameter r S^^, 



Number of Realization* to 
Attempt (1 to 1000): 



1000 



Random Number Seed Value: 



25829 



! Random 
Number 



23118 



O Time 



80452 



Select sampling method: 

p Latin Hypercube 
" Sampling 
^ Simple Random 
Sampling 



Select distribution tiuncation level: 



952 (+/-1.96 sigma) 



RETURN 



FIG. 10 



Deposition Model Input Parameters ; " t^llSpKii^^f 



* 



Quantity. DixUibution Type, and Distrfoutwn Parameter* 



■1) Ht: Body Height (cm) 

NORMAL: 1 176.7.6.7] 
•2) BMI: Body Hats Index (kg/aT2) 

LOGNORMAL: [ 24.89, 1.17] 
a 3) BMR err: Basal Metabolic Rate residual error term. 

NORMAL: { 0, 0 6702J 
"4J FRC_err: Functional Residual Capacity (ml) residual error term. 

NORMAL: [ 0. 600] 
*5) VC err: Vital Capacity (ml] residual error term. 

"NORMAL J 0. 560] 
"6) MET: Metabolic Equivalent (Bat al Multiplication Factor). 

UNIFORM: [ 2. 5] 

7) Fn: Error term lor nose and mouth breathers, standard normal distribution. 

NORMAL: [ 0, 1] 

8) Hoxy: Oxygen consumption factor. 

UNIFORM: [ 0.0476, 0.0529] 

9) VQ: Ventilatory Equivalent Ratio. 

LOGNORMAL: 126 4/1 161 



■ v./ 

'•few 



Quantity depends on age/gender. 

" Quantity depends on exertion level (resting, sitting, etc.) 
Double-click on quantity to change distribution characteristics. 



P RETURN 



Distribution Selection 




File ... . . 

Select distribution for input quantity: 



«1)Ht: Body Height (cm) 
p Distribution Type 



© [Normal (Gaussian]! 
O Lognormal 
O Uniform 
O Triangular 



Mean 

Standard Deviation 



CANCEL 



[176.7 



6.7 



ACCEPT 



B 



FIG. 1 1 



Clearance Model Input Parameters 



File 



Quantity, Distribution Type, and Distribution Parameters 




1 J cl ,4: Rate constant for mechanical clearance from compartment 1 to 4 (All to bbl L 

LOGNORMAL J 0.02. -9991 '• •"' •" • 

2) c2,4: Rate constant for mechanical clearance from compartment 2 to 4 (A12 to bbl L ) 

LOGNORMAL: [ 0.001, 1.41 J 
3J c3,4: Rate constant for mechanical clearance from compartment 3 to 4 (AI3 to bb1L 

LOGNORMAL: f 0.0001 , 1 .73] 
4} c3,1 0: Rate constant for mechanical clearance from compartment 3 to 1 0 (Al 3 to LN th) 

LOGNORMAL \ 0.00002, 141] 
5} c4,7: Rate constant for mechanical clearance from compartment 4 to 7 (bbl to BBIL \ 

LOGNORMAL: I 2, 1.41] 1 
6J c5,7: Rate constant for mechanical clearance from compartment 5 to 7 f bb2 to BB11 I 

LOGNORMAL: f 0.03, 1.73) 
7) c6,10: Rate constant for mechanical clearance from compartment 6 to 10 (bbseq to LNthl 



8J c7;11: Rate constant foi mechanical clearance from compaitment 7 to 11 (BB1 to ET 21 .iff 

vn:;^ •:;v;;v: : :;;fa W 

9) c8,11: Rate constant for mechanical clearance from compartment 8 to 11 (BB2 to ET2L 1 

LOGNORMAL: I 0;03;1;73] ' \^;T :% 

10J c9,10: Rate constant for mechanical clearance ff 6m compartment 9 to 1 0 {BBseq to LNu% 
LOGNORMAL: I 0.01; 173] 



Double -click on quantity to change dixtiibution 
characteristics. All rates are in unfis of 1 /days. 



IREHURNI 



FIG. 12 




jQuanUt^ Dttti^ibn Typ^ and 



1 



1 1 BB: Mucus/gel layer thickness (urn. BBUBB1TL 
TRIANGULAR: ( 4. 6. 8] 

2) BB: Cilia/sol layer thickness (urn, B82+BB2T). 

TRIANGULAR:! 4. 7.5. 10] 

3) BB: Epithelium thickness (urn). 

UNIFORM: 1 25. BO] • ,. , , , | 

4] BB: Macrophage layer (Sequesteied material. BBseq*BBseqT) thickness (urn), j 
UNIFORM: [5. 15] £ - . ■ " , . 1 

5) BB- Macrophage layer (Sequestered material. BBseq+BBseqT) depth (urn] w.r.t. basement 

UNIFORM: 1 0.10] / ' 

6) BB: Secretory cell nuclei layer depth (um. *#.r;t. epithelium surface]. 

UNIFORM: I 5. 15] 

7) BB: Basal cell nuclei layer thickness (urn). 

UNIFORM: 1 10. 20] 

8) bb: Mucus/gel layer thickness (um. bb1+bb1T). 

UNIFORM: [1.3] 

9) bb: Cilia/sol layer thickness (urn. bb2*bb2TL 

UNIFORM: [ 3. 6] 

10) bb: Epithelium thickness (uml 

UNIFORM: 1 10. 20] . — -i 



D ouble-click on quantity to change dittribulibn 
characteristics. All tissue dimensions aie in uniti^pr 



! BET 


■ I 




URN j 







FIG. 13 
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n r - * 






Open an Exist! 


rig Project File | 



Save Project FOe (and Components) .: ! 



Edrt/V,e« Input Da>a Jo, Unce.ta.nty Analysis 



Run Mai nt Prograii 



View Results of Paiamatef Unce.lainty Analysis i 



E ^ LUDUC 



Project File: 
C:\GAVLUDUC.PRJ 



Exposur e/Scenario Data: 
. . :S '! tuducinp : 7V 



Model input Parameters: 



D eposition Calculations: Depx. out 



Clearance Calculations: CJrx.out -J 



Dose Calculations {Alpha-Particles): j 
: ■ _ Dosx A. out \ 



Dose Calculations (Beta-Paiticiet}: ; 

Dosx 8. out •' . . ~{ 



Dose Calculations (Gamma-Rays): 
Dosx G out 



Total Dose Calculations: 

:.^:3-LiJ^??^T-Out- : ■ 



1 " fOOUC Running 



FIG. 14 




Population Class Selected 
(Gender Age. Exertion Level) 

Particle Activity Size Distribution 
(Aerodynamic Diameter, urn) 

Exposure Conditions (Activity 
Concentration. Exposure Duration 
Radionuclides) 

Parameters Related to 
Distribution Sampling Techniques 



Males : 25-34 years : Light Exertion 

LOGNORMAL J 5. 1 ) 

1 Bq/nT3 for 1 hourfs) — > 1 Bq-hr/m~3 
12 Nucfide(s) Present: 

Pu-238(10*) Pu-239(20*) 

Pu~240(30*J Ara-241(40*) 

Latin Hypeicube Sampling; 1000 attempted 
realizations; Truncation Level * 95* (1.96 sigma]- 
Random number seed value: 25829 



^ Depoxition CalcJlationi 



i Cl^aranc^ Calculations; Extrathoracic 



^ Call- 



Dose Calculations (Alpha Policies) 



Dose Calculations (Beta Particles) 



Dose Calculations Organ Group A 
(G am ma -Rays and X Raysl ^ 



Dose Calculations Organ Group B 
(Gamma-Rays and X-Rays l ^ j 
Dose Calculations Organ Group!? 
(Gamma-Rays and X-Raysl 



Equivalent Doses 



Effective Dose 




FIG. 15 
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Effective Dose 




0 1.79E-06 3.49E-06 



Effective Dose (Sv) [ 



Click on plot to expand graph and 








I 


to see statistics. 




I Abscissa Scale \ 
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FIG. 28 



